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CHOICE OP SOME OPTIBHUM CHAHACTEEISTICS POH 
THE BEACTOR COITTROL SYSTEM, 

V.V. Orlov, V.S, Andreyanov, E, I. Grishanin, L,I, Isakova, 

A, G, Kalashnikov, J,G,Pashkin, G,I,Toshin63£y, V,V,Ch.ekunoVe 
The control system compensating the excess reactivity 
can essentially influence upon the physical and operating 
reactor characteristics. This influence increases when com- 
pensating big reactivity excess. That is why the problems 
of choosing reactor control system optimum characteristics 
along with the problems of principal reactor characteristics 
optimization are of a great interest* In the Yirst part of 
this report some questions of optimum burnable poison cha- 
racteristics choice are considered. The second part describes 
the choice of an optimum resonance absorber mixture for cont- 
rol rods, 

PART I 

• BURNABLE POISONS. 

In power reactors along with mechanical control devi- 
ces for compensating reactivity excess burnable poisons are 
widely used now (for Instance see L'* 3)* Some problems of 
the calculation theory and of the use of burnable poisons 
have been considered in [^2 ^ 3, 4, 5 ]# These problems of 
thermal reactors are discussed iu[2j[3j, some particular 
problems for intermediate reactors being studied in (^4^ 

The method of burnable poison calculation is discussed as 
a more general case in [ 5 ], 

The main purpose of the burnable poison application 
is to decrease the excess reactivity compensating 
by the mechanical control devices. That is to say the choice 
of optimum burnable poison is the first of all the choice 
of absorption materials and a means of distribution them 
to provide the best agreement between the reactivity loss 
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caused by fuel depletion and poison bum-up. There forethe 
residual poisoning caused by non bumt-out absorbers and 
other isotopes which wef^ present in the original material 
and were also formed after burning out must be minimized. 

To minimize the residual reactor poisoning due to 
the non-bumtup absorber at the end of the core lifetime 
the poison bum-up rate must be much moi*e than that of fuel 
depletion. 

If such a poison can be chosen properly for the reactor 
under consideration the homogeneous poison distribution 
over the reactor results in the rapid poison bum-up and the 
premature reactivity release. In this case the heterogeneous 
poison distribution turns out to be more effective because 
of decreasing neutron flux (self- shielding effect) in the 
absorber which results in decreasing the absorber bum-up 
rate that in its turn permits to reduce the reactivity mis- 
match caused by different bum-up laws of poison and fuel. 

If such poison can't be chosen properly for reactor 
under consideration the heterogeneous distribution results 
in greater reactivity loss caused by the big residual non 
bumt-up poison to the end of the core life-time and there- 
fore homogeneous distribution may by more expedient , 

A, Homogeneous poison distribution. 

The homogeneous poison distribution is considered in 
detail in [5J* The plotts given there permit to define the 
maximiun reactivity mismatch and residual poisoning due to 
non bumt-up poison to the end of the core life-time if 
poison and fuel life-time are known, 

B, Heterogeneous noison distribution. 

a), Plate-tvne absorber. Heterogeneous poison distri - 
bution in plane geometiy is considered in [5] and some cri- 
teria are found which permit to determine the poison char- 
354 
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I 


racteristlcs providing the maiimum reduction of the number 
of mechanical control deviceG (or their efficiency). 

According to the method given in ] some calculations 
were carried out to detennine the region where the plate- 
type absorbers are the most effective ones. The pertubati- 
ou theoryfcjis used for calculating the reactivity change due 
to poison bum— up, fuel depletion and poisoning. The approxi- 
mate formula derived in [5 ]to calculate reactivity change as 
a function of these processes is 




( 1 . 1 ) 


" y O'kc )/ (i -7r) 

Definition of symbols: 


( 1 . 2 ) 


PnCyJ- reactivity introduced by an absorber into tbe reactor 
at time , 

y - dimmsionless time expressed in endurance fractions 

y 

u. - reactor life-time scaled to rated power, 

T - endurance. 


- optical width of absorber plate at the beginning of 
the reactor life— time -- vK’n(o)C 5 <i 

J^Co). absorber nucleus concentration in the plate at the be- 
ginning of the reactor life-time, 

<00 microscopic absorption cross section averaged over 
the neutron spectrum. 

- thiclmess of absorber plate • 

- parameter giving the best approximation of the plate 
self-shielding factor dependence J-Cp) as a function 
of its optical width, ((b) « 1 /(l-t^|^« 

Kp - dijnensionless fuel life-time Xr = 1 /T 5 
fuel microscopic absorption cross section, 
neutron flux in the reactor at the beginning of the re-’ 
actor life-time, also normalized to the rated power. 


_ 3 ^ 
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fnu4ACil)- reactivity excess to compensate fuel depletion and 
poisoning at time M , 

P I ^ 

r' wn ■“ initial reactivity excess to compensate fuel depleti- 
on and poisoning* 

£Cy 3 - relative concentration of absorber nuclei ^ 

absorber nucleus concentration averaged over pla- 
te thinaness at time . 

2 tyJ- was detemined from equation [5] (see also ( 41 ) 

He a^) 

Xn - dimensionless absorber life-time Xn=i/^ iGtCu)<bo(:u)du 
Pomrulae ( 1 * 1 ), Cl.O> ( 1 * 3 ) are obtained with the some assum- 
ptions which essentialy simplify these calculations: 

- Neutron flux and importance don‘t depend on the coor - 
dinates and are equal to the values averaged over the reactor. 

- Neutron spectrum don’t vary with time ) = 6(4:) 

where ^ ^ ^ 

- The initial fuel and poison distribution over the core 
does not depend on coordinates. 

— The fuel is distributed homogeneously (or in case of 
heterogeneous fuel distribution the self- shielding factor is 
time-independaet ') . 

- New fissionable isotopes are not generated in the 
reactor. 

— The absorber sample size is small in comparison with 
the transport free parth of surrounding medium so that the 
external self-shielding effect can be neglected. 

“ The exact expression for the self-shielding factor is 
approximated with function 

- The cross section as a function of lethar^ is repre- 
sented by 0* (u) a const at U ^ Uo and 0c = o cfu^Uo 

Expressions ifor determinating the reactivity mismatch 
and the residual poisoning as a result of no burnable poison 
residue at the end of the core life-time can be obtained 
from the equation (I.O and (1.2) 

- 4 - 
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, 1 - pdt'j) 

P'W/?°.u.e 'T^(IV77or ■ 

i - pn(.l.)/pn(0) ^ ^ 

where tn = [PnCo) ~ /pp wn ~ ration of reactlrlty 

released by burnable poison at the end of the core life— 
tijne to Initial reactivity excess comensating the fuel dep~ 
letion and poisoning. 


ppCy3~ reactivity misaiatch at tine y , 

fnC'^V residual poisoning at the end of the coice life-tJjme. 

In [ 5 I the auaxinum reduotion of nechenioal cor» fcrol de- 
vices is sho'/fn to take place at such values cf the plate oih 
ticai width po whan naxtauin aiiBioatch [pn ( 4 ) a 

fraction of initial reactlTity excess for fuel depletion and 
poisoaiiXK ( ■ > ) which are compensated by the mechaaical con- 
trol devlceu. In this case the rea.ctivity mismatch has to 
vanish oace during the core life- time. 

i’he oalculatioAS were ,sade for Xp - •'?.76 ajii (the 

fraction 'sf fviel dsp.lstion is ^/kp 0,;35 B,3d O) Xn O-0,h 

fhis roiiga covers the nost Intere-ib log p.raotic'ii. c-asss when 
the oiahwty.pe absorber may b? accepted p Tit l?citial optical 
width ji)o of the absorber plate providing the m&xiavm reduc- 
tion of eechanical control devlcse is plotted as a function 
of absorber life-tiaie Xn in ?ig» I » iflg.2 shows the maxtimm 
rsao t i'fifey miamateb. and non biimabls resiaual poisoiiing 
calculated as a fiir.ction of absorber life-tisie for v&lu.co 
dstenained above. 

fhe range Tyhere the use of the pl'^. tc-Xr;?p't ;'i-bsorber be- 

/ 

come_s raoro effective is shomi In F’g,.-: '<0 o'-- Nviilla X-, (jl; 1 
0,»25). fhe residual poi.?onjj3g when Xn''0»25 -r 

O.,30j and the react ivlty 1 Isiug vevr- quickly 

up to 1/(1 d '(T— ) at X^.-* 0 when g.05~0. U 

fhe use of toe large ci'oss e’oetioo, absorbers ( X'n “-'X i ) 
nrovides tlieir cos-plsts; b-i.t If the absorber is 

35 ^ ^ 


Approved For Release 2009/08/26 : CIA-RDP88-00904R0001 0011 0002-7 



■■■■ Approved For Release 2009/08/26 : CIA-RDP88-0 0904R0001 Q i HI 

distributed as plates the big reactivity mismatch is observ- 
ed# The dismatoh can be decreased by using the oombination 
of different optical width plates. 

b). Hod-type absorbers# 

The simplest solution is to distribute the large cross 
section absorbers as cylindrical rods"^ with optical width 

that allows simultaneously to get small residual poi- 
soning and small reactivity mismatch# 

In this case the rod will be burnt up only within a na 2 >- 
row surface layers. The diameter of rod "blackness" and 
hence the releasing reactivity will vary according to the law 
which is similar to that one required for compensating fuel 
depletion and poisoning and the contradiction between the 
reactivity mismatch and the residual poisoning vanishes with 
bum— up taking place practically completely at very large 
cross sections# The absorbers with surface bum-up in cont- 
rast to the absorbers with temperate self-shielding may be 
figuratively called burnt around absorbers# 

To find out physical features of tte bumt-around absor- 
bers it is usefull to consider the limiting case of absorb 
ber with the very large absorption cross section 6* re prs ren- 
ted as 6'c = ®<>atu;>>Uo and = O at u < u » # 

Thus the neutrons will be absorbed in infinite thin layers# 
The law of rod "blackness" radius change as a function of 
time oau be established on the basis of the following consi- 
derations * The number of neutrons absorbed during time «it 
is equal to , where (t) is integrated neut- 

ron flux within energy range where the absorption cross sec- 
tion differs from sjero, r - rod "blackness" radius# On the 

* ' ^ 

The cylinder cross section may have a convex poligonal 
form where circle can be inscribed# 

Here and below the assximptions made above are used# 

- 6 - 
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other hand the corresponding change of the rod volume due 
to bum-up at the rod surface is equal to^Jlrdr . Thus the 
following relation can be written 


--’m— • (1.6) 

After integrati]^ the relation (1.6) in the correspondi'g 
limits we obtain 

O ' 

The rod "blackness” radius as well as its absorption capacity 
is seen to decrease approximately as a linear function of 
time giving a small reactivity mismatch. Let us evaluate 
the reactivity mismatch arising due to uncomplete correspon- 
dence between fuel and poison bum-up laws. With^ (-t) = 

^ C't) (where S (t):* i/(i-^^) and the requirement of 

the complete absorber bum up to time of the core life— 
time the expression of rod radius chsmge can be written as 

(1,7) 


the Initial rod optical width being [Do ="2 


it is here convenient to take the absorber cros^; r'.;ction as 
finite one. 


Using the expression (U?) we obtain the relation for 
reactivity release during burning around of a rod, 

"y iy= , 

and \ _ at y ^ L 

4 . Q_ ( nN 


^ PnCO) ^ \ 

From the relations (i.S) and (i,2) we find the e-pre.?::- 

Sion for reactivity mismatch under condition of ihe bunifc 

around absorber compensating (at the beginning ox' co:-:^ 1 if €>- 

time) the fraction m of total T'cactivity ex-oSS for burn 

up and poisonirg . , , , 

= ^ 1 i-l^] - fe) (1,9) 

• ^ • r 

at ^ Uo 


m ~yO~V)/(‘-V! 

(‘'nJiJja * 


^5 '\A ^ 

<fo d' 
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(1.10b) 


(1.10c) 


Setting equal to xero the ^ derivative from the expres- 
sion (l.9) we obtain the relation for the maximum reactivity 
mismatch within the range 

^ C- (1.10a) 

^ u U/ r \ p /' VI V xp-Kr m / -jj V 

’jtTv.vic = Xr L' ~ ^ ^ J 

When '^ = ^0 the reactivity mismatch is 

- m - (1.10b) 

and at the end of core life-time (^ »l) 

Pp^‘ypr.1 — 0-m) (1.10O) 

The maximum reactivity mismatch can he easily shown from 

(l.10a) as being always negative. This means that at tl» be- 
ginning of the core liie— time the burnable poison can compen- 
sate not the total reactivity excess for bum up and poisoning 
but only its fraction m . The residual part of the reacti- 
vity excess (l-?Ti) must be evidently compensated by mechani- 
cal control devices and (l-m) has not to he smaller than 
maximum react ivily mismatch. With the aim of reducing the 
use of mechanical control devices it should be make 1-m« 

" *“ Pp^4nax^/Pp°i^n following equation connecting 

Mo and m results , 

' Tn('~ xr] (1.11) 

The reactivity mismatch atjj-yo may be positive, negati- 
equal to zero depending on the value of parameter 
(l#10b)* Optimum case can be shown as a oasie when the mis- 
match at ^ = Ljo is equal -to zero. Prom there we obtain the se- 
cond equation connecting the values and m , 

m - y. (1.12) 

Prom (1.11) and (l,12) the equation to determine the 
optimum value na is gcrt 

^ ^ in. " i (1.13) 

where 

|v4 _ t-m 

irr\ > * » ^ ^ 


'dC 
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The results of calculations plotted ir» Pig. 3 show the 
saaiiimiin reactivity mismatch (1— m) to be considerably smaller 
in case when the burnable poison with the large absorption 
cross section is distributed in form of rods than when it is 
distributed in form of plates* So the use of burnable poisons 
with the infinite absorption cross section results in mini- 
mum number of necessary mechanical control devices without 
reactivity loss due to non burnt up poison residue* The tran- 
sition from ideal model to practical absorbers sets some 
additional problems* We shall discuss the followir^ ones* 

1). To clear up the bum np kinetics of absorbes with 
finite cross section we shall consider the problems of 
determining the absorber distribution over the semi- inf inite 
medium; the neutron flux incident at its surface is 3 
If the initial absorber distribution was uniform so by time 




it will be 'ArAK 


exp -6*3^1?^! 


-i 

(1.14) 


With the use of this formula the absorption capacity can be 
shown to decrease slowly during time t^tr = i/3G ,At 
time the ^distribution front of the width ~ 
has formed and it is moving with the constant rate ^ 

inside the absorber^ 6et rug. 4) 

Since the value being finite it oould be expected the 
deviation from linear dependenc e "Z- ( t) during time 
at the first operation period C'fche incident flux being iso- 
tropic the front width decreases two times as compared to 
the normal incident flux. Thereby This deviation from 

formula (1.7) will also take place at the final sta^ of 
bum up, the optical rod width having decreased up to the 
value i , and consequently, the bum up rate will increase* 

The BUSBgaiy tine turns out to be equal to and 

so that it would not exceed for example 10% of the core life- 
time it is necessary thatX^O.IT, or ^ " 'l&r. • 


estimation shows that the isotopes of 

iSh 


oan be used 
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as burnt-around poisons. 


The cross sections greatly exceeding cross sections ocf 
fissionable isotopes exist only in the thermal region when 
the energy of one of "the resonances is near to zero. That 
is why the burnt-around poisons in practice can be used only 
for thermal reactors, of stable isotopes only Cd''^^, 


1 55 1 57 IT ^ 

G-d and Gd satisfying the above condition. 


2), The volume absorber bum up due to neutron absorp- 
tion in energy region where the cross sections are not large 
leads also to the change of the bum up low. In the thermal 
region very large absorption cross sections caused by low - 
lying resonances decr©ase with the energy increase according 
to the Brieght— Wigner formula law) , If the spectrum 

of neutron incident onto the rod is^(E') the n^imber of 
neutrons absorbed by this rod at the energy F > £%p. (their 
free path being 71 (f) >A a 2R) is ^ 


Nn^c.( flp) =■ ^ 


SO that finally 


to E-ip ^ 


The spectrum is assumed here to be Bermi spectrum. The number 
of neutrons absorbed as the surface is 
therefore the volume absorption fraction is 
that usually constitutes in the thermal reactors the value 


The value A must be supplemented with the absorption of 
resonance region which is small for the isotopes mentioned 
above. The volume absorption effect leads to some increase of 
reactivity release rate with burning up, 

3). leutron flux depression near the rod (external shi- 
elding) leads to decreasing of bum-up rate at the beginning 
of core life-time. This effect becomes negligible with using 
of small diameter rods* 


The absorber distribution over a core, 


The above mentioned consideration permit to ohoose oont— 


- 10 - 
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rol rods (their number, diameter and absorber density) pro- 
viding a small change of the neutron multiplication factor 
in some reactor volume if the fuel bum-up reached in this 
volume to the end of the core life-time is known* As power 
distribution over the reactor depends in its turn on the 
rod distribution the nonlinear problem arise and they can 
be solved by the iterative method* 


In ideal case we can reduce this problems to following 
nonlinear equation* Suppose that a) the absorber provides 
constant multiplication factor as a function of time in 
every point over the reactor; b) the absorption probability 
at point r* of a neutron bom in point t"' is P(P^ ,y^') and does 
not vary during the core life-time (for instance it takes 
place in thermal water-moderated reactors where L -4l<lr)* 

Then the neutron source density QG^Jor power density proporti- 
onal to it) is described by the following equation 

QC?) = k<«(:v^)jQCf'3 pc*^, F') dv*' ( 1 . 15 ) 

The value K^ay be expressed in term of fuel bum-up 
reached at points ^p(r) Q(^) at the end of the core 

life-time. So we obtain the nonlinear equation for Q(^) 

QCFJ = Rc,(QCS’),f=')^Q(:?’) P(:r!’,r")clr’' (1.16) 

Expanding Q(r^) at point r ' and taking into account only 
three terms of this expansion we have at P»P( 

^ ^ k.00 ^ 

where cl r r^dr 

Boimdary conditions for Q can be written with the help 
of reflector albedo. With known power distribution Q and 
with bum-up distribution proportional to it the law of 
absorber distribution over the core which provides constant 
"K" at every point r may be easily found* This distribution 
provides not only constant reactivity during the whole reac- 
tor life-time but also uniform power distribution over the 
35 ^ 
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reactor with its simultaneous flati^tening (compared to 
uniform control rod distribution), 

J_[. Resonance absorbers for control rods# 

The absorption cross section energy dependence of the 
materials is espeoialy important for control rods. The use 
of resonance absorbers permits within some limits to get 
the most profitable absorption cross section energy depen- 
dence for the reactor under consideration with regard as 
to increasing of the effeciency so to decreasing of neutron 
flux depression near the rod. The latter is the most impor- 
tant for thermal reactors. 

To increase the rod efficiency or to decrease neutron 
flux depression near the rod it is of great interest to use 
a mixture of different resonance absorbers. In this case the 
total resonance absorption can be more than the absorption 
of a component with the greatest resonance integral due to 
the reduction of every component resonance self— shielding. 
For instance if there are ”n” absorbers of narrow and strong 
resonances every one of which differs from one another 
only by resonance energy the maximum value of mixture reso- 
nance integral will be times more than resonance integ- 
ral of a single absorber. The practical absorbers differ from 
one another by nucleus density, resonance energy, resonance 
parameters and so on. Furthermore the absorption by weak re- 
sonances and by "smooth" part of the absorption cross sec- 
tion constitutes the considerable part of the total absorp- 
tion. That is why the optimum mixture composition depends 
not only on the properties of chosen absorbers but also 
on the form of neutron spectrum, temperature so on. 


The problems of control system providing the flat 
time- independent distribution over the reactor was set 
and solved by Sharapov V.N. 

354 
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A# I)etenninai;lon of optimum resonance absorber 

composj-tlon ‘to obtain the maximum rod efficlenoy* 

According to the perturbation theoiy l_6l the rod ef- 
ficiency is 

P" (2.1) 

where W (u) — product of neutron flux with energy "u” Ary^ 
the importance of these neutrons, - self- shielding factor 
of its element absorption cross section which depends on 
all the Yalues of and ; Ll,Wl)« importance of fission 

neutrons jd — rod diameter) n — a number of mixture compo- 
nents . 

To obtain the maximum efficiency of the rod of given 
size which is made of the resonance absorber mixture it is 
necessary to determine the maximum of i expression (2.1) with 

“1 (^L - a volume part of i-th component). This problem 
is the conventional extremum one and is solved by means of 
I’nderfined Lagrangian multipliers method. According to this 
method the absolute extremum of function F « P+JXL where L~2riTt-l 
ond-lis an indefined multiplier^ must be found. Kecessary condi- 
tions of the function F extremum 

^ ^ = L -O (2.2) 

give UB the system of (n-vl) differential equations with un- 
Imown quantities and \ . On this system we obtain a volume 
part of every component. In general case the system (2.2) is 
solved by the iterative method. When calculating the self- 
shielding factor it is necessary to take into account the 
mutual resonance shielding of different nuclei, the resonance 
self-shielding by "smooth" part of cross section and Doppler 
effect for resolved and unresolved levels. 

Pig., 5 shows the sample efficiency (diameter 10cm) in the 
reactor jn$-4 as a function of content for Re H- mixture . 

The results of csloulaticns point at the oaximua efficiency 

value to exist whAoh exceeds the efficiency of samples made 

35 ^ 
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a single component. To obtain the subsequent encrease erf 
control rod efficiency the optimum mixture of three or more 
components has to be used. 


to obtain the mlninnini depression of 
energy release field in thermal reactor. 

The absorption cross section energy dependence is Tery 
important not only for the rod efficiency but also for a 
neutron flux depression near the rod. Heutron flux depression 
can be reduced not only by means every rod absorption decrease 
due to increase of the rod number but also by using the 
resonance absorbers as an absorption material which, permit 
to vary the correlation between the absorption in thermal aid 
epithermal regions. In fact the more neutron will he observ- 
ed by a rod in the epithermal region the less absorption 
will take place in the thermal region at the fixed rod effi- 
ciency and therefore the neutron flux depression will be 
smaller in the thermal region, where the greatest part of 
fission take place. The least energy release shield depres- 
sion will be in the limiting case when the total absorption 
takes place only in the thermal region. 

As an example we consider the absorption in the plate- 
type rods. Using the expression 2) =■ a + S/ f as a resonance 
integral and b constant,./^ — nucleus density, d — plate 
width) and assuming the constant "a” generally to depend on 
the absorption due to 1/v-oross section the total resonance 
absorption in the plate can be written 

I =■ f. [ jbo 2 'i'Eo/E^p -A- o V pie ] (2*3) 

where t -plate surface for a unit volume of a core, 
plate optical width for the neutron of energy EaO.0253 ev, 
Ep^- the energy on the boundary between laxwellien spect- 
rum and moderated neutj?on spectrum. It is clear from (2.3) 
that the absorption eontribution caused by strong resonances 
can be suitab?Lj described with the value thcG'^o This value 
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does no-t depend on the nucleus concentration and on the rea- 
ctor spectrum but it is function of resonance parameters. 
Among all the resonance absorbers hafnium (<^=1.56) tanta- 
i™ @-1.4) indium @=1.04), antiniony @=1.07), europium 
({.=1.02), rhenium (£=0.92) are those which have the best 
correlation between absorption in the thermal and in the 
resonance regions. Por 1/v-oross section this oharaoteris- 
tie is equal to zero. Cadmium and gadolinium have the 
worst energy-dependence for the absorption cross section, 
the "smooth" part of their absorption cross sections decre- 
asing more quickly than l/v-absorption. The contribution of 
their epioadmlum resonances is neglected and as a result 
the Talue 6 for these element should be written as negatiye 


In Pig.6 the plate optical width |t)„ for neutron energy 


Eo»0.025ev is plotted as a function of value d which has to 


„ ^ ffXAJeUiJ. JUOO MU 

oompensa-te the water reactor (ration of hydrogen nuclei to 
U nuclei is about 200, the square lattice pitch is 10cm), 
The dependence of the thermal neutron flux max-average ra- 
tio "K" for elementaiy cell is shown in this figure too. 

Using the optimum composition mixtures we can achieve 
the valued considerably exceeding thiat one for a single ele- 
ment, In this case the optimum composition i is found so as 
to provide the maximum resonance absorption in the plate 
T extra conditionZ|b;= 

If the element resonance levels are assumed to be over- 
lapped and non-shielding absorption to be caused only by 1/v- 
oroEB section (§j = const, i=1,2,,..,n) this problem can 
be solved analytically by Lagrangian undefined multipliers 
method. The optimum weight content of i-th element (atomic 
weight and thermal cross section 6^) will be described 

by the expression r 2 ^ / 

P <oc H i, /(o c 

f\\c./(aK. (2,4) 

and maximuin total resonance absorption is 

Xm04K = £, f -+ (§->y,a>c ifz (2*5) 

AC tc. 


(2.5) 
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The op^timuiii compos it ions and values C3rna)(for mixture 
of some resonance absorbers are given in the table below. 


Material 

In-Ag 

Hf-Ta 

Hf-Ta-W 

Hf-Tar-Eu 


37 63 

26.3 73.7 

91,1 59.1 19,8 

27 73 0.2 

u 

1,04 0,78 

1.57 1,14 

1.57 1,1 4 0.64 

1.57 1.14 1.02 

^ max 

1.30 

1.94 

2.04 

1 

2,18 
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Pig, 1, The Initial absorber plate 
optical width providing tlae 
maxlmuiD reduction of the xise 
of mechanical control devi- 
ces as a function of the ab- 
sorber lifetime , 


Pig. 2, The maiinnim reactivity mlBmatoh 
Cl) and non- burnable re- 
sidual poisoning (2) as a 

function of absorber lifetime 
with the optical width being 
opt imam. 



Ilg. 3. The mailnum reactivity mismatch for absorbers of 

infinite cross section in plane (l) and vylindrloal 
geometry as a function of fuel bumup during the 
reactor lijCetiae ("VAt )«* 


35 ^ 
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Plg» 4. The steady distribution of 
absorber nuclei in transient 
region. 


Pig, 5, The rod efficiency in the 
reactor //9-t as a function 
of europium oxide content 
in Re-EUjOj mixture. 



Pig. 6, Optical plate width to compensate the reactivity 

excess of water reactor and max— average ration for 
the thermal neutron flux in its elementary as a 
function of £ , 





